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IMPROVED CONTROLLER/DETECTOR INTERFACES 
- FOR MICROFLUIDIC SYSTEMS 

CROSS - REFERENCE 70 RELATED APPLICATIONS 
This application is a continuation - :::-par: c f , and 
claims the benefit of priority from U.S. Patent Application 
10 Serial No. 08/919,707, filed on August 29, 1997, the full 

disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Despite the advancements m the fields of 

15 micrcf luidics , microf abricat i on and the like, tnere remains a 
fundamental problem with the implementation if these 
technologies in achieving their full potential. Specifically, 
although microf luidic systems are readily applicable to high 
throughput, low volume, automatable onemicai and biccnemical 

2 0 analyses and syntheses, many of the advantages gained through 
the use of microf luidic systems are lost through tne .Lack or 
interfacing systems mat are capanle cf functioning at tne 
horizons of tnese microf luidic systems. For examrle. one of 
the manor advantages of tnese microf luidic cvstems os tne 

25 ability to perform operations using extreme.'/ small fluid 
tvlumes, -hereby requiring smaller imcuntc _ r r:t:-:v.:.;Nv 
vaiuarl- reagents md ! z r sample^. Hov.rvei, al cr.cuov: . 
micrcf luidi z system m.ay be ouacabl : ~ vervco: vvv 0 : I ..o. ..: 
vcvumes i:. toe nanoliter rang- , the Icick of oluio nan::; ivj 

3C systems oapao.- of deliver: no: such volumes :: these 

microti ■aid" systems renders * cos ~. wot ace sun stent; C. v 
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28, 199^:, ana incorporated herein by reference. In t 
describe a syscen: includes an e iecc rop ipe t t or interfaced with 
tne cha.:\n^l3 cf a ::i crc f lui di c device, for e 1 e c t r e k l ne 1 1 e a 1 1 
introducing very small volumes of samples or other materials 
into the micrcfluidic device. 

In addition to fluidic interfaces, iracrof iuiai c 
systems also require additional device: world interfaces, 
including an interface between tne device and tne detection, 
sensing or monitoring means that are utilized with tne syste 
Also required are interfaces between the device and tne 
systems that control tne operation of the device, sum as 
systems that control fluid direction and transport v.oinm tu 
device, and/or environmental conditions present within or 
around tne device, and tne I i^e . 

K:i crc f iuidi c devices previously described m tne 
literature have generally included only crude device : world 
interfaces wni ch severely limited or eliminated a substantia 
proper: ion of the promised benefits of micrcfluidic systems, 
including automatability , ease of use, low volume and high 
throughput , which nave been tne goals of tnese systems. 

Accordingly, there exists a need m tne art for 
improved interfaces between microfluidic devices and tne 
ancillary systems that are utilized with these micrcfluidic 
systems, suon that tnese microfluidic systems can realise a 
greater prcporciri: of their premised benefits. The present 
invention provides a solution t o many of tnese and otner 
probl ems . 

SUMMAP.Y CT TrK TMVEXTION 
The present invention generally ore "tides improve:.! 
methods, apparatuses and systems for interfacing microf luidi 
devices w r i t h the va nous syste m s use d : n c o n j un o 1 1 c n w 1 1 n 
these devices, such as electr: :,T otntroo and mom tonne 
systems, and tne like. These vtpr.vmi interfaces trovide 
miorcfluidic systems tnat ar~ • • . o * use, e.g., "user 
friendly," are more readily m.m mm mm--, and as a result, ha 
higner througnputs tnan previ mis '. y described analytical 
systems . 
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electrically centrtlled ^::r;:.u;a:: syscerr. which ir.clud-r.v :i 
mi :rcf luidi c device, ar. ele::r:cal cc::c roller ana an 
electric a _ inter: a:e array. The mi or c f 1 u i di c device general!; 
comprises a body sc rue cure having an interior pore i or: and tit 
least a first exterior surface, a plurality cf intersecting 
microscale channels disposed in the interior portion :r the 
body structure, ana a plurality of ports disposed m the body 
structure , commur.icat my the exterior surface with the 
interior oortion. Each of the cores is m fluid common car i r : 



ersect iiu cnanneis. 



v V 1 



ran' 



control s v stem 
acn of the plurality :f 
arrav Dermics the 



with at lease one cf the plurality 
Tu e elect ri o a 1 c c n c r e 1 s y s tern c omi 

concomitantly delivers a voltage to e 
electrical leads. The electrical incerfac 
separate and removable coupling of each of the electrical 
leads with eacn of the plurality of ports, whereupon each of 
the leads is m electrical communication witn a fluid dispose 
in each of tne ports. The electrical interface array if ten 
includes a cover having at least a first surface, and a 
plurality of electrode pins mounted thereon, the electrode 
pins being oriented for insertion mti cne plurality 
- c *- ! r a- - r-M-i^- nins b e i u o electric all v c caclec 

metrical leads. optionally, tn 
" r a v f u r t n e i " c o mo r i s e s a base a 



*- n a e .ectiooe i 
seoarate one of tne el? 



a n a o ± ■ 



piurali- 
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the electrical leacs are disposed within a sir and oricntea 
whereby eaca of ere electrical leads contacts a separate one 
of the plurality cf electrical cent act pads, when the pit:::. 
of the cot t can layer extending beyond tne ten layer is insert e: 
5 in:: tne slot . 

In a related embodiment , tne present invention 
provides a "clam shell" comprising a rase having at ..ear: one- 
edge and at leas: an upper surface, tne upper surface being 
adapted for receiving a micrcfluidic device. The clam shell 
10 also comprises a cover having a: least a lower surface and a: 
least one edge, the edge of the cover being connected :: tne 

least a first electrical interface component. A micrcfluidic 
device is mounted on tne coper surface cf tne base, the device 

IS comprising a body structure raving an exterior surface, an 

interior portion defining a plurality of mi ore scale channels, 
and a second electrical interface component disposed on the 
exterior surface and providing a plurality of separate 
electrical connections between the second electrical interface 

20 component and a plurality of separate point s m tne plurality 

of intersecting mi ore scare channels, the second electrical 
interface component rceing complementary to tne first 
electrical interface component and oriented to contact the 

array c cmponenr optionally comprises an array of eleccroca. 
contacts mounted on tne Lower surface of the cover and tne 
second electrical interface array component comprises a 
o i ■ , r r ■* — *. * ,— • f ^ i ^ t- >- -i - .-. t- — pads o *~ i t n e e x *~ e r i o r s u r t a c e 

30 of tne micrcfluidic device, each electrical contact pad being 
in electrical communication with a separate point in the 
plurality of intersecting microscope channels. 

In still another aspect, the present invention 
provides a base unit having a mount ing surface adapted for 

35 receiving a micrcfluidic device, ana o firs*: electrical 



interface arrav comocnent , the first electric. 



e r t a c e 



array component providing a p^ora^ity or ereccrica^ conta: 
each of tne electrical contacts beir.c seioaracel v coucieoi 
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different e-e:tr::5. lead trcm an e.e::r::a. ::n:r:_e:. A _ s . 
included is a mi cr z f lui d i c device mounted in c he Tour.::ng 
surface/ the nucrcf luidi c device comprising a body structure 
having an exterior surface, an interior portion defining a 
plurality of mi creseale channels, and a second electrical 
interface c cmponenr. disposed on the exterior surface and 
providing a plurality of separate electrical connections 
between the second electrical interface component and 
plurality of separate points m tne plurality of intersecting 



10 mi crcscaie channels, tne second e 1 e < 
being complementary to tne first el* 
component and oriented to contact, c: 



"icaL interface 
irs: electrical 



■mr 



15 



2 0 



2 5 



tne mounting surface. 

In an addicicnai embodiment, tne present invention 
provides a microf luidic system which comprises a microf luidic 
device having a body structure with at least first and second 
separate channel networks disposed tne re l n . Each of the 
channel networks comprises a plurality of intersecting 
micros sale channels, a first interface component on tne body 
structure capable of delivering energy to the first channel 
network, and a second interface component on the body 
structure can-able of del i ve r i no enerqv ' 



tne second marine _ 



network. Tne svste: 



1 C" 



comprises a controller, naming an 



energy source ana a tirst suriace aaaptea ret 
bO'dv structure thereon in at least first and 



mount mc cr_\ 



3 C 



structure is mounter 



mcu 



* * w -A- A A O 



u r t a o e 
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net wo r k c o mp rises a plurality c f i n c e r s ec:i na m is ro scale 
channels, a first interface component in the body structure 
capable :: transmitting energy to or fret: one first channel 
netware, and a second interface component on the body 
5 structure capable : f transmitting energy to or from one second 

channel network. The system also comprises a detection 
system, which includes an energy detector and a first surface 
adapted for mounting the body structure thereon m at least 
first and second fixed orientations, and including at least a 

10 tnird interface component operably coupled t: the energy 
detect or, tne tnird interface component being capable of 
transmitting energy to or from tne first interface ccmpiueiic 
to the detect: r when the body structure is mounted on tne 
mounting surface m tne first orientation, and to or from; tne 

15 second interface componen: , to the detector when the body 
structure is mounted on the mounting surface m the second 
orient at ion . 

In yet anotner asp-^cz , tne present invention 
provides a microf luidi: systems as described above, but 

20 incorporating electrical circuitry, an electrical conduit or 
elect rede, 'which elect rode comprises a thickness less than 

140 0 A, and preferably between about 800 and 1400 A. The 
electrode also typical ly comprises at least a first metal 

component selected from the group of tungsten, palladium, 

21 ruthenium, iridium., osmium and rhodium.. On addition, the 
electrode does not substantially degrade at a metal /fluid 
interface under applied current densities greater than O.b 
mA/ cmr . 

In anotner aspect, tne present invention provides an 
30 interface for use witn a microf iui die device. The 

microf luidi c device has a plurality of intersecting mi ores sale 
cnannels ano a plurality of ports for receiving fluid. Tne 
interface comprises a case for receiving tne microf luidic 
device. A structure is movable relative to the case between o 
35 first position and a second position. A plurality of 

electrical interface elements are affixed to tne structure. 
The electrical interface elements are aligned so that each 
electrical interface element is elect i ical ly coupled to an 
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associated port: of the mucrcf luidi e device when :he 
microfluidic device is received by the base and the structure 
is disposed in the first position. 

Preferably, at lease three electrical interface 
5 elements will be provided in the form of rigid electrodes. 

These electrodes can ideally extend from the structure mtc 
the fluid in the ports of the micrcfluidic device. The base 
of the structure may be coupled together using a hinge or 
other mechanical coupling arrangement, and the base will often 

10 fittingly receive the microfluidic device. Tnis arrangement: 
can be used v maintain alignment between a large number of 
very small ports of the microfluidic device ana the electrodes 
of the interface, thereby allowing complex microf luidi c 
devices to be easily removed and replaced. 

15 In yet another aspect, the present invention 

provides a microfluidic device comprising a body structure 
having a port (for receiving fluid.) and an interior portion. 
The interior portion defines a plurality of intersecting 
microscaie channels. The interior portion blocks 

20 communication between the channels and the port. An 

electrical interface component electrically couples the fluid 
in the port to the channels, or to ports in fluid 
communication with the channels. 

1 n ye t another aspect, the i n v e n t i or. p r o v i d e s a 

25 microfluidic device comprising a tody structure including an 
upper layer and a bottom layer. The body structure has an 
i n :: e r i c r p c r t i c : : d o f i n i n g first a red s e c end i n c e r s e c t : n e 
:r.i :: res rale channels . The run:: thanu^d has ;u: ■ ..:.* ..t: * :.. 
terminus. The upper "! aver in.-"*', udes f i rst find second r r r t s 

IC therethrough . The first port is disposed at the terminus z: 

tne first channel. The intoricr portion blocks fluid 
communic it i ::u between the first pert ana tne secend per" . An 
electrically conductive film :s disposed between tne firs:, u. ■ 
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between the layers. For example, alternative e mho dime: 
include :cr.duc::-r= overlaid over tr.e npper layer 'i.e.. 
bridging between ports, . Regardless, as compared t :: s: 
5 in which electrodes are directly inserted into each sar 

the invent ion provides a reduced risu of ores s - cent an: 
when replacing one micro: iuidic device with another. 

Preferably, electrodes of the interface stru: 
v;iil extend into torts containing an electrolyte. The 

10 electrolyte can roe electrically coupled, m turn, to a 

fluid within a sample pern using a tnm film conductor 
deposited between one layers of tne mi crof luidio coay 
structure, typically using any of the thin film depos: 
teenmoues developed for produ ot ion :f integrated urn 

I: record: no media e<r one lite. Tne use of fluid to coup, 

e le o tr ode to tne film enhances the reliability of tne 
electrical connection and avoids damage :o the film vht 
electrode is moved between a coupled posit ion and a de- 
position . 

20 In a still further aspeot, the invention pro. 

the use of an interface to connect a mi crof iuidic d 
electrical controller. The onoerface has a structure 



its man- 
's terns 
to 1 e , 
:at i on 

c cure 
samp., e 

1 1 o n 



iaes 



e vice t ■: 



includes a plurality of fixed electrodes disposed thereon. 
Tne elect redes are op er ably coupled t o the electrical 

structure to be inserted into a plurality of ports or the 
mi crof iuidic device when the structure is moved from a firs*:, 
roositicn to a second position. 



3 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 schematically illustrates one 
a microf iuidic device fabricated from a oluraiit 



emn: 



^. — — ' - 



systems or tne present invention. 

Ficjure 1 A il lustra: e s o n : 
improved electrical interface reoween a mi c 
decoe and -iectrica^ controller . F i cure 2E 



1 arr.ma: 



mtcuiment or an 
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illustrates an alternate :;r.::aura:::r. ::r cover 
element: cf the interface shewn m Figure 2A . 

Figure 3 illustrates a further emb coimenc z : 
an electrical interface between a micrcfluidic lev: oe 
5 and an electrical controller. Figure 3A illustrate 
the interface components present cn a micrcfluidic 
device t roi a top view, while Figures IB and 30 
illustrate the device from the side and perspective 
views, in combination with a complementary interface 
10 element frcm an electrical control ier . 

Figures 4 A- 42 illustrate an alternate 
embodiment of a micrcfluidic device i n corpora c mg an 
electrical interface array. Figure 4 A shows an 
alternate structure f a micrcfluidic device, while 
15 Figures 4E-4F illustrate trie device with an optional 

coupler assembly from various perspectives. 

Figure 5 illustrates a substrate wafer from 
which a number of micrcfluidic devices incorporating 
the electrical interface array shown m Figure 4 are 

2 0 manu f a c tared. 

Figure 6 illustrates a micrcfluidic system 
incorporating interface elements cn the device and 
controller which, are in communication when the device 
is inserted into the controller m any of a number of 
25 fixed or predetermined orientations. 

Fiaure ^ schematically illustrates an 

f I a - •■_ : - t r od ■ ■ surf a c o . 

3 0 Figure - s cnem^i t * oa 1 1 y illustrates an 

alternative coupling a i i augemen t : u onion a 

suost -j ::r i al 1 y rigid e i ecc rod-- r. :s ect r : c.:; 1 ly 

ccu;:-~i a "oh:::, :h\* electrode us.n.i an e I o 1 1 .: "".v. - 
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ccntarriir.:it icn cf samples when trie mi z r c f I ui d i o device 
is removed and replaced from one interface structure. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 The present invention is generally directed 

to improved methods, structures and systems for 
interfacing mi or of I ui di c devices with ancillary 
systems that are used m conn unction with such 
devices. These systems typically include fluid 

10 nana ling systems for delivering fluids 1 1 a 

mi crof luidic devise, e.g., sampling systems, control 
ana monitoring systems for morn to ring the pr messes 
married out by the micro: luidic devices and for 
controlling the performance of these p recesses, e.g. , 

11 controlling internal fluid transpire and direction, 
mini t cr mg ana cent roi 1 mg envi ronment a 1 conditions 
and monitoring results of the processes pe r formed , 
e.g. , aet.ee: ion . 

in a first general aspect, the present 

2 0 invention provides electrically controlled 

mi cro f luidi e systems which have improved interfaces 
oetween cue device itself and the electrical 
controlling system. Such systems include a 
mi :r:r luidic device made up cf a body structure v.hicn 

25 induces an mteriir portion ana an exterior portion. 

Toe devices include a plurality of intersecting 
channels disposed within, and typically defined by, 
the interior portion of the oody structure. 
Typically , such mi cro f luid i c devices alsu moi ude a 

30 plurality of ports disposed m the body structure, 

CO- mmun mating the exterior portion of the device with 
the interior portion of the device, where the ports 
are m fluid so mmun icat ion v/ith one cr more cf tne 
plurality of intersecting microsoale channels. 

35 As used herein, trie term: " mi eras sale " cr 

"mier c f aor i sated" generally refers to structural 
elements or features of a devise v;hic:i nave at lease 
one fabricated dimension m tne ranae cf from about 
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0.1 u?:. :: about 50u um. Thus, a device- referred t c> a s 
being mi ore f abr i cat ed or microscale will include at 
least ere structural element cr feature having such a 
dimension. When usee tc describe a fimdie element, 
5 such as a passage, chamber cr conduit, the terms 
"microscale, " "microf abr ic aced" or "microf luidic " 
generally- refer to cue or nore fluid passages, 
chambers or conduits which, nave at least one interna, 
cress - sect i onal dimension, e.g., depth, widtn, lengt u . 

10 ai ameter , etc., :hae is less than 500^m, and typically 
between about 0.1 un\ and about 500 /im. In the devices 
of the present invention, tne microscale channels or 
chambers preferably nave at least cue uodb - ^ct loml 
dimension oetween about 0.1 urn and 211 -mi, more 

15 preferably oetween about. 1 urn and 100 ^m, and often 
between about 1 /im and 2 0 ^m . Accordingly, the 
mi crof luidi c devices or systems prepared in accordance 
with the present invention typically include at least 
one microscale- channel, usually at least two 

20 intersecting microscale channels, and often, tnree or 

mere intersecting channels disposed within a single 
body structure. Channel intersections may exist in a 
number cf formats, including cress cr ''four-way" 
intersections, "T" intersections, or any number of 

25 C'tner structures -whereby at least twe channels are m 

fluid communication. 

Th^ iv s*~ ru: ■ * * ~" ■ ■ ^ ■ ~ L • - : - - 

a. number ~ ~ d: .-"reie el erne m c wu;c". when issemb.ee. 
30 form or define tne integrate.! uouooic- c;u:ue ana 

chambers of the micro f luidi c devices. typically, the 
body structure comprises an ;.::re-:: a - : . ;.- f two :i mot - - 
see a rat e layers whicu when, a::; ■: \; : i v • _y mat ed ._. i 



WO W/10735 



PCT IS98 1 ~641 



10 



20 



30 



subs:an:ially defines :he channels and chambers if t ri- 
de '/ice . 

Figure 1 illustrates a two- layer body 
structure for trie microfluidie device 10. In 
preferred aspects, tne cotton pert ion of the devise 10 
comprises a so lid substrate thai is substantially 
planar in structure, ana which has at least one 
substantially flat upper surface 14. A variety of 
surest race materials may be emp 1 eyed as the bottom 
portion. Typically, because tne devices are 
umoaerwei, subs t rate materials will be selectee 
oased upon trie:.:: compatibility with known 
mi c rot am ca t i techniques, e.g., photolithography, 
wet cnemical etching, laser ablation, air abrasion 
techniques, in meet ion molding, embossing, and other 
techniques. The substrate materials are also 
generally selected for their compatibility with the 
full range of conditions to which the miorof Luidio 
devices may be exposed, including extremes of pH, 
temperature, salt concentration, and application of 
electric fields. According ly , m some preferred 
aspects, the substrate material may include materials 
normally associated wito the semiconductor industry in 
wnion sucn mi or of abr icac ion techniques are regu_ari v 
employed, including, e.g., silica rasee substrates, 
sucn as glass, quartz, silicon or po 1 ys i 1 icon , as well 
as c:ther substrate materials, such as gallium arsenide 
ana tne *iK6 . 0 ~~ *~ " ~ ~ ~ 



ma reria-.; 



1 1 w 1 1 



msu lac ing coat ing 



en oe ae sir. 
layer , e.g. 



sucstrate materia ^ , ana particular.; 

to the device or its contents. 

In additional pre: - n - d isr-io 
substrate materials will comprise p o i ym- 
e.g., plastics, such as colym--- ~ uy . m et n a 
polycarbonate , poivt et raf iuor : ei:yoe:o 



provide an 
in oxide, ecu 

: be acclied 



tylate : ?MMA , 
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pobr/inylchioride ■:. PVC f peuydimethyisiioxane PDMS , 
polysul fcne , and the like. Such polymeric substrates 
are readily manufactured using available 
micrcf abrica: icn techniques, as described above, :r 
5 from micro-fabricated masters, using well known molding 

techniques, such as injection molding, embossing or 
stamping, or by polymerizing the polymeric precursor 
material within the mold iSee U.S. Patent No. 
5,512,131" . Such polymeric substrate materials are 

10 preferred for their ease of manufacture, low cost arid 
disposability , as well as their general inertness to 
most extreme reaction conditions. Again, these 
polymeric materials mar include LieciLel surfaces, 
e.g., der l vac i zed i r ccated surfaces, to enhance their 

15 utility m the microfluidic system, e.g., provide 

enhanced fluid direction, e.g., as described in U.S. 
Patent Application Serial No. 08/919,707, filed April 
14, 199^ .Attorney Docket Nc. 1 7 64 6 - 0 0 2 6 1 C ; , ana which 
is incorporated herein by reference in its entirety 

20 for all purposes. 

The channels and /or chambers of the 
microfluidic devices are typically fabricated into toe 
upper surface of toe cotton; substrate or portion 12, 
as microsoale grooves or indentations 1 -: , using the 

25 above described mi or of abr i cat i on techniques. The top 

tort ion or substrate 1£ als? comprises a first planar 
sur: ao- *. : . and ; serene surra"- 11 :ppts:tv : : "oc 
rlmv surf ace 2 . Jn t hi ;.vuh:i;.h • dew ces 
prepared ir a c co r dance w i *: h. vh-- methods des c r : bed 

30 herein , and as noted above , the top portion also 

includes a plurality cf apertures, tiles :i ports 24 
d: sr. : s~ a ther~ r hrouah , e . a . , r war r ne : irs~ planar 
surface 1 I r *. a - seccna ow w t - 1 ttwsiae r ne lira* 
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aad/cr indentations If :r. the surface :f ine bot:c::: 
subs trace, :: rrrr. the channels and/ cr chambers i.e. , 
che interior portion' of the device at the interface 
of these two components. The holes 24 m the top 
5 portion of the device are oriented such that they are 

i n communication with at least one of one channels 
and/ or cnambers formed m the interior portion of the 
device from the grooves or indentations in tne bottom 
substrate. In tne completed device, these holes 

10 function as reservoir's for facilitating fluid or 

material i n t reduce ion into tne channels or cnambers of 
tne interior pert ion of the device, as well as 
providing ports at which electrodes may re placed moo 
coma c t with fluids within tne device, allowing 

15 appl i oat i on of electric fieios along the channels of 

tne device to control ana direct fluid transport 
within the device. 

These devices may be used in a variety of 
applications, including, e.g., the performance of high 

2 0 throughput screening assays in drug discovery, 

immunoassays and genetic analysis for research and 
diagnostic applications, and tne like. As such, the 
devices described herein, often include multiple 
sample introduction torts cr reservoirs, for tne 

25 parallel or serial introduction and analysis of 

multiple samples. Alternatively, these devices may be 
coupled to a sample introduction port, e.g., a 
pipettor, which serially introduces multiple samples 
into tne device for analysis. Zxampies of such sample 

30 introduction systems are described m e.g., U.S. 

Patent Application Nos . 08/761 , 5" and 03/760,446 
(Attorney Docket Nos. 130/30310 and 1 : 0 / 3 02 1 : ■ eacn oo 
which was filed on December 5. 1995. and is hereby 
incorporated by reference m its entirety for ail 

3 5 purposes . 

In preferred aspects, the electrically 
control lea mi crof luidi c devices, methods ana systems 
described hereon, empicy elect rckmet i c material 
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cranspcr: systems, ana prererabiy, ccttt rolled 
eiertrckineti: material transport sysrer.s . As ouch, 
trie T.icrcfluid:: systems of the present invention 
typically include an electrical control system, for 
5 controlling and/or- monitoring tne processes reirig 

carried out ty tne micr of luidi c device. In at ieasr. 
one aspect, the electrical control system includes a 
plurality of electrical leads, each of the leads re: nu 
operaoly coupled to a pc-wer source, whereby tne 

1C electrical com ro 1 system, is capable cf concomitantly 
delivering voltages to each of tne plurality of 
electrical leads. Ixamples or preferred power sources 
are described in e.g. , V . S . Patent Appiicau-e:: No. 
0 5/675,456, filed July 3, 1951, and incorporated 

15 herein by reference. 

The systems of the present invention also 
include an electrical interface array, permitting each 
of tne electrical leads to be separately, ana 
preferably, removably coupled to each of the plurality 

20 of ports on the microf iuidic device, whereupon each of 
the leads is placed in electrical communication with a 
fluid that is disposed in each of tne ports. 

As used nerem, " electr ckmet ic material 
transport system?" include systems which transport an:.; 

25 direct materials within an interconnected channel 
and/ or chamber containing structure, through tne 

tp.: ~ r ; t 1 0 t. '. 1 — ~ C t 1" 1 Z 1 t 1 — 1 Is ~ " \ \ \ >- tlU t e 1' 1 U 1 S , 

t:u : y .Oii:s:n': material :::.:. veto. ::~ :.mt.;::: an;: tm.cn : 
t:w c::ann-l -u i 1 :r "haorero :.<=-., ' : or:? w: 1 1 ,v ^v- 
3 0 to war! tu- neaa t i v- ele:troa- , while mi oris will m.ove 
toward th^ positive electrode. 

Su :ui el — c trek; net : " m.a tergal transport t*: ; 
direction systems include t :v systems -hat rev/ up.::. 
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sys c ems rely up en :he electrcosnic::: flow of fluid an 3 
ma :erial w ithin a c h anr. e i o r c h a mb e r structure whi c n 
results iron: c:re application of an electric field 
across such structures. In brief, when a fluid is 
5 placed into a channel which has a surface bearing 

cnarged functional groups, e.g., hydro xyl groups in 
e toned glass cnanneis or glass microcapi llaries , those 
groups can ionize. In the case of nydrcxyl functional 
groups, this ionization, e.g., at neutral pH , results 

10 in the release of protons from the surface and into 

:ne fluid, creating a con tent rat ion of cations at near 
tne fluid/ surf ace interface, or a positively tnargec 
sheath surrounding the bulo fluid m the channel. 
Apt iiration if :i v tit age gradient across the Length of 

15 tne cnarinel , will cause tne positively charged sneatn 

to move m tne direction of the voltage drop, i.e., 
t oward the negative electrode. 

" Control led elect rckmet ic material 
transport and direction," as used herein, refers to 

20 e lect rckmet i c systems as described above, which 
employ active contrtl if the voltages applied at 
multiple, i.e., more than two , electrodes . Repnrasec, 
such rent roi led elect rckmet i c systems concomitantly 
regulate voltage gradients applied across at least two 

25 intersecting channels . Cent roi lea elect r ok i net i c 

material transport is aestrioed i n Published PCT 
Application No. WC 96/14547, to Ramsey, which is 
incorporated herein by reference in its entirety for 
all purposes. In particular, the preferred 

30 miorof luidic devices and systems described nerem , 

include a body structure which includes at least two 
intersecting cnanneis or fluid conduits, e.g. , 
interconnected, enclosed chambers, which channels 
include at least three unint ersect ed termini. The 

35 intersection of two channels refers to a point at 

which two or more cnanneis are in fluid communication 
with each other , and generally encompasses "T" 
intersections, cross intersections, "wagon wheel" 
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intersections of multiple channels, or any other 
channel geometry where two :r more channels are m 
such fluid communication. An unmt ersected terminus 
of a channel is a point at which a channel terminates 
5 not as a result cf char channel's intersection with 
an to her channel, e.g., a "T" intersection. In 
preferred aspects, 1 he devices will include at least 
two intersecting channels having at least tnree 
un i r. t e r s e o t e a termini. In a nasi c cross channel 

10 structure, where a single horizontal channel is 

intersected and crossed by a single vertical channel, 
controlled e lectroK i net i c material transport operates 
to centred 1 ably driest maLeiial flow through, the 
intersection, by providing const raini rig flows from the 

IE ctner cnamieis at tne intersection. For example, 

assuming one was desirous of transporting a first 
material through the horizontal channel, e.g., from, 
left to right, across the intersection with the 
vertical channel. Simple e lect rohine t i c material flow 

20 cf this material across the intersection could be 

accomplished by applying a voltage gradient across the 
length of tne horizontal channel, i.e., applying a 
first voltage to the ieft terminus of this channel, 
and a second, lower voltage tc tne right terminus of 

25 this channel, while applying no voltage to- tne top an:; 

ho-ttom termini of the vertical channel. However", this 



intersection, test -tint :r: ,v *~h~ : .vurt. 1 1 f f us i v-- 
piopeities .i time vat-rial being r i ans: \; r te.i in tu- 
rned i um used, at the intersection. 

7 n cent r o lie a e 1 e c i i".v.;:'/-u - ma t e r i a i 
uur.sp'Ut , T ::vr er: al rc m « I'tt-wuei arwtss ::> 
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reward tne right terminus. The resuli is a "pinching 1 ' 
of the lacerial flew a: :he inter sec t icr. , which 
p reven z s t he d i f f us i o n of t he ma t er lal m:o t he 
vertical channel. The pinched volume of material at 
5 the intersection may then ce injected into the 

vertical channel by applying a voltage gradient across 
the length of the vertical channel, i.e., from tne top 
terminus to the bottom terminus. In order to avoid 
any bleeding over of material f r cm tne horizontal 

10 channel during this injection, a low level of current 

is directed back into the side channels, resulting in 
a 'pul_. oack :i of the material f rem tne intersection. 

In addition to pinched injection schemes, 
controlled e 1 ec t roomet i c material transport is 

15 readily utilized to create virtual valves wnieh 

include no mesnanical or moving parts . Specifically, 
with reference to the cross intersection described 
above, flow of material from one channel segment to 
another, e.g., the left arm to the rignt arm of the 

20 horizontal channel, can be efficiently regulated, 

stoppeo and reinitiated, by a controlled flow from tne 
vertical channel, e.g., from tne bottom arm to tne top 
arm of the vertical channel. Specifically, m the 
'■off' mode, tne material is transported from tne lef~ 

25 arm, through tne intersection and into the top arm by 

applying a voltage gradient between the left and top 
termini. A constraining flow is directed from tne 
bottom arm to the top arm by applying a similar 
voltage gradient along this path vbetween tne oootom 

30 terminus and the top terminus: . Metered amounts of 

material are then dispensed from the left arm into the 
right arm of tne horizontal channel by switching the 
applied voltage gradient from left to top, tc left t: 
right. The amount of time and tne voltage gradient 

3 5 applied dictates tne amount :: material tnat will be 

dispensed mtc the right arm. zf the horizontal 
channel, i n this manner. 
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Although describea ::r the purposes cf 
illustration vath respect t c a four-way or cross 
intersect 1 or: , t hese cent rolled e loot rc hi net i c material 
t ranspc r: systems can re readily adapted tor mere 
5 complex interconnected channel networks, e.g., arrays 

of interconnect ed parallel channels. Similarly, 
although electrodes are generally placed into 
electrical contact v;itn the termini of tne various 
cnannels in tne system, electrodes may aiso be placed 

10 in electrical oontact with intermediate points in tne 

cnannels, depending upon tne nature of the operation 
roe l ng p e rfo r me d . 

I n t he s i mp lest e mbo a i me n t , tne electrical 
interface array which provides at least one component 

15 of the overall electrical interface or connection 

between the electrical controller and tne plurality of 
ports on the microf luidi t device, comprises a series 
of electrode pins, each of which is appropriately 
positioned for insertion into each cf the plurality cf 

20 ports or the oevice. In at least one emrodimenr, such 
electrodes are fixedly mounted on the surface of a 
planar cover eiement. Tne sever element is then 
placed over tne surface of tne device wnicn includes 
the ports disposed tne re in , e . g . , the top substrate, 

21 whereupon the electrodes are inserted into the ports. 



it r referred aspect?, the sever element is pro am dec as 

r e c e s s e o r o ji .o in r a w hit:: u. rn : o r: :. . ... i a i a u - a v ■ - 1 
: ::s e rt e u. Th- - so a - or e \ ement . ~ r ; hous:rc a. n wh: ho 
i ■: *- * i ^ " e r ' - p^^ar s traroea is c i e t o r a r 1 a T o on u e o t e o 

to the edge o: the chamber via a nmge aloto one cage 
a: o r ho cove : -..demerit , such, tuui tne cover e . emen: may 
~ ^ ~ r : ' ' r - r - y^ bins.:-- ; as • - :o- -lose: 
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neat sinks, optical sysnerrs , etc., to ensure the [res: 
efficient inter faring cf the device with these 
components. Additionally, the cover element, or the 
5 entire e i am shel 1 porticn of the: system is readily 

interchangeable with different covers having different 
electrode pm ton f igurat i ens , permitting adaptation t: 
devices which nave alternate port configurations. 
Examples of such interchangeable systems are described 

10 in sommonly assigned U.S. Patent Application No. 

06/591,632 filed August 2, 1996, which is nerervy 

m c crporat ed cere in by reference m its entirety for 

a i 1 purposes . 

Figure 2 A provides an illustration ct cover 

15 element 222, which nas a plurality of elect roue pins 

2 I 4 disposed tnereon. The pins are oriented on tne 
surface of the cover element such tnat they will 
communicate with the ports 24 of the micro f iu odi c 
device 10, when tne cover element is it laced over tne 

2C tip surface of the device. Each of electrode pins 204 

is electrically coupled to one of the electrical leads 
from the electrical controller (net shown. . Typically, 
tnis connection is via electrical circuitry from each 
separate pin, extending through the rear portion of 

25 tne cover element 2 02 :: connect to each sera rate 



cases, multiple electrodes may re coupled to tne same 
electrical lead, e.g., where two electrodes are 
intended to provide L h— sa v/ol oaue level at iiwo 
30 different pcrts cf the device. Alternatively, tne 

circuitry from, each electrode pm is connected to one 
port of a multi-port connector , e.g., at the rear 

complementary mult i -port connector from tne 
3 5 rent roller, which connector includes electrical 

connections tc tne various electrical leads from the 
c o n t r c 1 1 e r These mu 1 1 1 - o o r t ci n n -actors are oenerallv 
c emmer c i ai 1 v available, ana are readilv connected tc 
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the var:cu= electrical leans c:: cue ::c:r:liers ana 
che electrodes present in the cover. As shown, the 
cover element 2 02 is connected to a separate 
structural e lenient or case 2 1-1, which induces a 
5 nesting well, cavity or recessed region 203 disposea 

therein. The cover 202 is connected to the rase 208 
via hinge 211. The mi crof luidi c device 10 is inserted 
into the nesting well 2 0b. Arrows 212 illustrate the 
direction of ret at ion o f the cover element 202. After 

10 inserting a ticrcf luidic device into tne nesting well 

205, the hinged cover element is rotated down on the 
hinge 2 10 until the electrode pins 2 0 4 are in contact 
with fluid LhaL is uon _ a ixi^d WiLu^:i Lhe puits 24 of 
the device, ana m fluid communication with tne 

15 channels and/ or chambers c: tne device. The use of 
this type of interface permits the user to simply 
insert the mierof luidie device 10 into the nesting 
well and close the cover, whereupon the device is 
interfaced with tne electrical controller. Ic will be 

20 readily appreciated that mierof iuidic devices of 

varied sizes, shapes and configurations may be 
inserted mtc a given interface (e.g., case and cover 
through the incorporation of tne device into a 
uniformly siced adapter plate. The use of such 

25 adapter plates for interfacing differently sized rr 
differently c onf loured mi crof luidi - devices with a 
pari : ca . ?o i : ro: : al lei cement : a aecrrihe.': in ore iter 
de tail _ u T . 0 . \ ;t: n i Ap p 1. :. c a _ . n \h . \ ' r . j \ , ' ?. ... : i 1 r 
A'auv 0. .99-. r r-v ; oas y i n - ' rr - r a : e "i herein by 

3 C re i e re nee . 

As snov;n m Figure 1A , \ ne electrode pins ^ 
are cored ::. a ar: i fcrmar, .:. a lumns an:: 

rows. A vcoajn amove column : : : w ?: - ! e :: ' r .air- a 
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gridded array cf electrodes will comprise a*, ^east tw: 
columns cf electrodes and at least three rows of 
electrodes. In many embodiments , the gridded array 
Tiay include at least four columns and at least four 
5 rows of electrodes ..e.g., a 4X4 gridded array • . 

Although it is not required, m order to promote 
uniformity, the spacing between the rows and columns 
of one electrode array is preferably equal, e.g., each 
probe is equidistant from the ad n a cent probes m the 

10 same column and row. By arranging tne electrode pins 
as a gridded array cf electrodes, one is aole to 
standardize tne e_e strode f or mat , arc provide 

mi ore- f lu id i o systems having a matching, e.g., 
complementary, port format. In particular, because 

11 ote ran create a wide variety of c:oanuel geometries 
for performing a given f Iuidic operation witniu a 
micro flu id to device, the operations performed within 
the interior portion of a micrcf iuidic device, e.g., 
within the channels and chambers, often have little 

20 influence on the orientation of the ports on the 

surface of the device, and consequently, tne 
electrodes fcr interfacing with those ports. As such, 
orientation of tne electrodes, and complementary ports 
in a gridded format permits tne atiii zancn of a 

25 standard e Leer roue /'device interface, regardless cf tne 

operation for which the device will be used. 

Where fluids are contained within relatively 
small areas, e.g., m the reservoirs of the devices of 
the present invention, such systems cai; of : - eu produce 

3C a certain amount of water vapor, which vapcr is 

particularly localized at or near the ports of the 
microf Iuidic device. This vapcr genera t ic n is 
increased where temperatures :: to- fluids are 
elevated,, e.g., when applying substantial electrical 

35 currents through tnese fluids. .': time .men cf these 

vapors as liquid, e.g., on t scri.v- cf the 
micrcf iuidic device and/ or tn- suit - - cf the cover 
element, can result m an electric i.! ■ enne ct i an heme 
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made between :v;-: :r more neigncorir.g :r aa - ;acen: 
eie::rodo piiis, across the surface c: the device cr 
tine cover el event: e . v a snort: im cv~ tf cne 
electrodes. As sue::, it is generally desirable to 
5 either prevent this cendensatico, or, m the event or 
such condensation, prevent the formation of the 
e lec t r 10a 1 connect ion between ad'j aoent electrodes 
across trie external surfaces of the device. As such, 
in preferred aspects, the rtnerof iuidi c systems are 

1 C provi d e a w i c n a b a r r i e r b e t w e e n a d i ace n t e 1 o c t r o d e s 

wnen they are inserted into tne ports of the device. 
Preferably, the barrier forms a liquid light seal 
oetween adjacent ports and/or electrodes. These 
barrier's may be fabricated or placed onto the surface 

15 of the cover element, or alternatively, on the surface 
of tne miorof iuidic device, e.g., as a gasket. 

One example of such a liquid tight barrier 
structure is shown in Figure 23, which illustrates an 
alternative embodiment of the cover element 202. As 

20 shown, the carrier is a part of the cover element 212 
In particular, raised regions 2 2 0 are provided on the 
surface of the cover element 2C2, between the various 
elect rcae cms 2 0 4 tnat are disposed tnereon. Tne 
raised reoions are cf such height as t z permit 

25 insertion of each of the electrode pins into its 



nariy proviaea as a separate pact 
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2 0 



3 0 



pre vide additional fluid sealing :apad:t:es when 
these regions are contacted with the top surface of 
the micrc-f luidic device. In alternative aspects, the 
harrier ma;/ re provided m whole or m part, on the 
surface of the mi cref luidic device which includes the 
outs. For example, a hydrophobic coating is 
optionally provided on the top surface of one device, 
or alternatively, gasket -like structures are provided 
upon the surface of tne device, e.g., fabricated upon 
or mated with that surface. Wnen one cover element 
2 12 is placed over tne surface of tne device to 

c a . 



inner race tne oiectri 
the lev ice, c he s e g a s 
fluid tight earner o 
adjacent port s / e 1 ec t rode 
structures is sucn tnao 

ports, when 



lint roller with tne port s of 
ket-like structures provide a 

Ao am, t he he i gh t o f t he s e 
ne electrodes are m 
he fluids disposed m the 
me n t is p i a c e d o ve r t he 
device. Typically, such elect redes will range in 
length of from about 1 mm to about 12, from their tips 
— - the r O' i n t at wb i c n the v a r e a 1 1 a o h e d t c the o o ve r 
element. The electrodes may re fixedly mounted m the 
cover, or alternatively, may be spring mounted, to 
maintain trie electrode m optimal communication wi t n 
tne core , or fluids tnerem. and to orevent damacie 



closing the cover. Although the barrier 
described as including raised regions , : 



5 genera" 
will be 



provided witu recessed regions 224 surrounding eacn ot 
the various electrode pins. Recessed regions 224 are 
generally provided extending from around the 
electrodes :: tne near edge :: tne cover. In additicn 
to presenting a potential fluid carrier cetween 
adjacent electrodes.. : he recessed region provides an 
air passage or vent from eacn port, te tne surrounding 
environment, permitting escape cf fluid vapors, gases 



and the like, which can adversely etf 



merit tor. 
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of the sysnem, either through conaensat ion, pressure 
effeots or otherwise. 

In optional embodiments , trie electrical 
interface array comprises a plurality cf electrical 
contact pads that are electrically coupled to each of 
the various torts of the mi cr of iuidi c device. These 
electrical contact pads are generally disposed along 
at least one edge of tne microfluidic device. These 
electrical contact pads typically comprise a small 
electrically conductive surface which is contacted by 
the electrical leads of the electrical controller. In 
such cases, the electrical lead will generally include 
a mechanism for maintaining the electrical lead m 
contact with the contact pads, when the leads are 
placed m contact with tne electrical interface array, 
e.g., a pressure contact or wiping contact. Such 
mechanisms are typically included within commercially 
available electrical connectors, which are readily 
adaptable for use with the electrical leads of the 
20 controller. Each of the electrical leads is then 
positioned, e.g., within the coupler, to contact a 
separate one of the electrical contact pads on the 
device . 

An example of a microfluidic device 
25 incorporating this type of electrical interface array 
is illustrated in Figure 3. This figure illustrates 
tne device from ?t top w. ew 3 A , e n :i view 31- and 
perspective iv ew > r . As shown , tne device 1. is 
fabricated m a layered format from a * ". eas- two 
separate planar elements, -a top substrate 21 and a 
bottom substrate 12 Tig. 33;. The bottom substrate 
12 has an extended portion 311, which extends be vend 
tne top surtstrate alona it ^easi one edae . A 
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using well Known aepcs::icr: methods , e.g., cheiriica; 
vapor deposition, sputtering, thermal or E beam 
evaporation, electroplating, and the like. The 
individual traces and pads are then defined witn a 
5 photolithographic lift-off technique. Each of the 

electrical contact pads is electrically coupled, via 
wires or circuitry 305, to a separate one of one 
various poros 24 that are disposed through the top 
substrate of the device 22. Typically, this circuitry 

IC 3 22 is deposited upon the upper surface 14 of the 

bottom substrate 12 prior to the bonding cf one cot t to. 
sue st rat:.; 12 to the top substrate 22. In tnis 
situation, it will be appreciated that tne circuitry 
3 C c is sufficiently t;nu as to- permit complete bonding 

15 of tne two substrate layers, i.e., to prevent leakage 
of fluidic elements witniu the interior portion if tne 
device. Sufficiently thin circuitry is generally less 
than about 150 2 A thick, preferably between about 50C 
and 14 0 2 A thick, and is generally deposited upon the 

20 upper surface of tne bottom substrate using any if t he- 
above described methods. 

In preferred aspects, the circuitry 302 is 
comprised of sufficiently durable material to prevent 
its degradat i c:i, particularly at the metal ''fluid 

25 interface, e.g., tne point at wnioh the electrode 

contacts the fluid contained within tne ports or 
channels of tne mi crof luidro device, under the 
elevated voltages and currents applied across that 
circuitry, as we 1 1 as the elevated temperatures - ha " 

3 0 to ay oe involved in tne pre cess of bonding substrates 
together. In particular, the thin circuitry utilized 
in tne devices describee nerem will often be 
subjected to relatively high currents and voltages 
which are typically passed through t: fluid containing 

35 channels. Further, in the case of devices fabricated 

f r cm thermally bonded substrate layers, this 
fabrication can include bonding temperatures m the 
range cf IJf to 1420°2, and typically from, about 50T 
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to about ~ 0 C ! ° C . In particular, some r.erals that are 
commonly utilized m the patterning of electrical 
circuitry on solid subs t rat es , such as pure chrome ana 
pure titanium, are suc]ec: suostantial oxidation 

5 under conditions cf thermal bonding, e.g., using the 
temperatures describee above. 

By way of example, electrodes comprising a 
geld conductive layer on a chrome adhesion layer, 
patterned on a class substrate, showed suostantial 

10 dearadation following the thermal bonding process 

• extensive di scol orat ion , mdi sat ive cf substantial 
oxidation' , ana were unable to withstand application 
of normal operating currents. Similarly, electrodes 
comprised of a gold conductive layer on a titanium 

15 adhesion layer were capable of withstanding the 

thermal bonding process, but peeled and disappeared 
under the normal operating current densities of 
approximately 50 mA/crr 2 . 

Accordingly, in preferred aspects, the 

20 devices of the present invention include circuitry 

that nas a thickness less than 1500 A, and preferably, 
between about SIC and about 14 00 A, but which 
circuitry is capable cf withstanding normal current 
ranges applied through the circuitry without 

25 substantially degrading, i.e., greater than 1 uA , 

preferably m the range of 10 *~ c about. 1000 ^A . In 

_ i ■ C : .' _ '.. ::.»s - -it ^r. - ~- .. 1 .*. - 1 .u> * can ui n a ccicv 
d~r.s c .yv V'^i than ; aA ' o~"~ preferably ^ --c-v 
3 C than 1 . 1 :v-A/ cmo , more preferably great—: than 1 .1 

mAvcmo, and still more preferably, greater th^u 1 
r.A/cmc. In some =pp 1 i t a t i ore , ci r c; i t ry is 

canait^e :: w : t net aridma area:, -a \ nan : aiA/ cm." . :rcr>- 
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wicnstandir^ conding temperatures greater t ha:: 50 0 r 0, 
and preferably ce t ween about 500 and 1400° Z, v;::hcu: 
being subst ant i al ly degraded during the thermal 
tending process . 
5 An electrode tnat is nor "substantially 

degraded" as that phrase is used nerein , refers to an 
electrode that nas lost less than 2 0 % of either its 
thickness (as measured by prof i Lome try ) , or its 
current carrying capacity (as measured by change in 

10 impedance' . Preferably, such electrodes will lose 

less than 10 * ana mere preferably, less than 5% of 
tneir tniconess or current carrying capacity. 

Generally, the circuitry will include a 
conductive layer tnat includes one of the metals 

15 selected from tungsten, palladium, ruthenium, iridium, 

csmium cr rhodium. In preferred aspects, the 
renduct ive layer comprises tungsten as at least one 
element of the conductive layer (also referred to 
herein as an electrode, electrical circuitry or 

2 0 electrical conduit) . The tungsten containing portion 

cf tne electrical circuitry may be provided as the 
adhesion layer :r as the entire electrical layer. By 
"tungsten containing" is meant a metal layer that may 
be entirely tungsten or a tungsten alley cr amalgam. 

25 In preferred aspetts, tne tungsten containing layei _ s 

t i t an turn/ tungsten alley. This alley is typically 
primanly, e.g., greater than 50% tungsten, 
preferably, greater than 70% tungsten, and more 
c l e f t^r aiu I \ , greater Lid;. 50% tungsten. 

30 In particularly preferred aspetts, the 

electrical circuitry includes a t Itanium/ tungsten 
adhesicn layer with a platinum cveriay ;Ft/TiW , where 
tne adhesicn layer is in the range :: approximately 5 1 
tc 6 00 A thie-i, preferably abcut from, about 300 to 501 

35 A thick, while the platinum layer is :n the range or 
approximately 4 00 to 12 0 0 A thick, preferably from, 
ancut "00 ts about 1100 A thick.. Electrical circuitry 
ctmprised of this material, and which falls within the 
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preferred thickness ranges, has demonstrated an 
ability to withstand both the high temperatures of the 
bonding process as well as the high current densities 
applied in the miorof luidic systems described herein. 
5 More conventional electrical circuitry compositions, 
e.g., gold/chrome Au/Cr , plat inum/ chrome < Pt / 2r ) , 
and the like, showed suds t ant lal degradation under 
these conditions, and particularly at tne fluid/metal 
i nt erf ace . 

10 Figures 33 and 3 2 illustrate the interfacing 

of the microf iuidi e device shown in Figures 3A, with 
the electrical leads from the electrical controller. 
As shown, the miorof luidic device 11 may ue readily 
inserted into an appropriately sized sic: 310 on a 

15 multi-port coupler 312. Within tne sice 311, is a 

series of electrical contacts 3 14 or leads, which are 
electrically coupled to the electrical controller (not 
shown) . Each contact is positioned within the slot 
3 10 to separately contact each c>f tne electrical 

20 contact pads 304 on the device 10. Each of these 
contacts is typically a flexible contact, e.g., 
flexibly mourned within the slot 3 13, whereby when the 
extended region 3 12 zt the device 13 is inserted into 
the slot 313, eacn of tne electrical contacts in the 

25 slot is pressed against its corresponding electrical 
contact pad 3C4 on the device 1C. 

In a i e 1 a tod e mb edimene , the el e ot r i c a 1 
interface irray is ,: *_ : .. na : y dispose:: ncrg mcia ::::<:. 

c p : ~i '-yr ^ -\ ^ — V-' -■ '" 1 u 1 d " ' v ' C c - e - ^ n ^ 

3 0 ac c once 1 1 shed in a similar maimer as pre "."idea i n Figure 
3, except thai en- Liilo::! sues t rate extends rev on d 
more than one edge :r the tot curst rat e , pr _.vi ding 
extended reoions alone seveiaai or a!", odaes ?f the 
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are disposed. An example of a device mccrpcrat ing 
:h:s alternative structure for an electrical interface 
array is illustrated m Figures 4A-4D. 

As shown, in Figure 4A, the device 10 is 
5 again fabricated with a layered construction, 

including a top substrate 22 and a bottom substrate 
12, where tne top suostrate includes a plurality of 
ports 24 disposed therethrough, providing access to 
tne cnanne 1 3/ chambers in tne intern r portion of tne 

10 device ; net snowii , . A plurality of recessed regions 
4 02 are provided along the edoes of tne top> substrate 
22. When tne top substrate is mated with tne bottom 
substrate, these recessed regions in tne too substrate 
leave portions cr regions 4 14 of the surface if the 

15 bottom suostrate exposed. The electrical contact 

pads , as previously described, are deposited in these 
exposed regions, providing access points for 
connection to tne electrical leads frcm the electrical 
centre 1 ier . Again, these contact pads are 

20 electrical!'/ coupled to the various ports 24 of the 
device 10, e.g., via appropriate circuitry. 

in tne case cf tne device she- wn in Figure 
4A, interfacing the device with the electrical 
centre iler is optionally carried out by any one of tne 

2 5 met hoes described aoove . For example, ^ cover 

element, e.g., a clam-shell as shewn in Figure 1, is 
used to interface the device with tne controller. In 
this instance, the electrode pins, cr optionally, 
:■: r responding , f iexible electrical cone acts , mounted 

30 on tne cover element, are positioned to contact and 
are preferably contacted with or pressed against the 
electrical contact pads in the recessed regions of the 
top substrate of the device, e.g. , through the 
inclusion of a pressure or wiping contact. 

35 In an alternate aspect, tne device shown in 

Figure 4A is inserted into a complementary coupler 
assembly wmeh contains tne electrical leads from the 
controller, or appropriate interface circuitry for 
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interfacing each electrical concac: pad on the device 
with one cf tee leads. Each lead cr portion cf 
interfacing circuitry, is appropriately positioned 
within the coupler assembly to contact a separate 
5 electrical contact pad on one edge of the device. 

This alternate construction is illustrated m Figures 
IE, 4 3 and 111 In particular, Figure 4B snows the 
mi or of iuidic devise 10 and the coupler assembly 410. 
The coupler assembly includes a mam body portion 4 12 

10 which has an opening 414 disposed through it, which 
opening is adapted to receive the device 10. As 
shown, this opening includes protruding portions 4 16 
along the inner edge of the opening, which extend into 
the opening and are positioned and shaped to mate with 

15 the recessed regions 402 on the device 10. Electrical 

circuitry, m the form of an electrical interface pin 
415, is mounted on the bottom surface of each of these 
protruding portions of the adapter whereby the 
electrical interface pin will contact tne electrical 

20 contact pad disposed on tne exposed surface 404 within 
the recessed regions 4 02 of the device. Each 
electrical interface pin extends cut f roir. the coupler 
assembly so as to provide a connection point at which 
the p i n may re coupled to an appropriate electrical 

2 5 lead from tne controller. As shewn in Figures 43-41', 

each cm 413 is angled, e.g., at a 90° angle, so that 
it contacts tne cent art pad in a recessed regie:: en 
t he c v : c e : n e h:r:::nt a 1 o r nott at ion , c n ox t o n d c 
err: tne bottoT. surface of the couple:, .issembly 4 10 in 

iC a vertical orientation, past the device 1 J . Further, 
each electrical interface cm is a i s o recessed, o r 
disposed within a slot, on t h*.- not tee; surface of the 
orotruding portion and inter r i e.:n:e o r tiie opening : u 
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controller, simply by plugging the overall 
device/coupler into an appropriately configured 
electrical connection. In some aspects, the 
orientation of the electrical interface pins extending 
from the bottom of the device/coupler assembly , is the 
same as that orientation used in convent ional 
integrated circuits, e.g., dual in-line orientation, 
thereby providing ready access to commercial sources 
for many of the interfacing components. 

Figures 4 2 and 4D illustrate perspective and 
end views of the mi crof luidic devi ce/ coupler assembly 
m its assembled form. Figure 4D illustrates the 
mating of the device 1C with the coupler assembly 41C, 
f r o m a n e n a v i e w , s ho wing t h e contact between the 
electrical interface pins 418 ana the contact pads on 
the exposed surface 404 m tne recessed regions of the 
device. Although shown as a removable part, the 
coupler assembly is optionally provided attached to 
the micro f luidi c device, e.g., via an adhesive, or 
acoustical ly welded . 

In addition to providing simple interfacing 
between tne micros luidic device and tne electrical 
controller, the electrical interface array shown in 
the device of Figures 4A-4D also provides advantages 
in terms of ease of manufacturing. In particular, 
preferred methods of fabricating microf iuidic devices, 
as described above, are readily adapted to the 
fabrication of devices employing these structures. In 
particular, as noted previously, tne m i c r o f 1 u i d i c 
devices of the present invention are preferably 
manufactured from larger substrate wafers or plates 
which are bonded together to form an aggregate plate 
or wafer containing a number of devices as a single 
unit, produced in a single process. These devices are 
then separated from the large: war or ;r plate into 
individual devices . 

The recessed regions m r. ;:e top substrate 
are provided by providing ext :. a rows and columns of 
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hc-les :r perns 1:1 cue rep substrate wafer, between 
chose holes or ports than are required 00 provide 
fluid access tc the channels 1:1 the interior portion 
of the device . The individual devices are then 
5 separated frcm the larger aggregate wafer or plate, by 

scribing or sawing through the middle of the holes or 
pcros that are within tnese extra rows ana columns. 
This is illustrated m Figure 5, which shows a 
substrate wafer cr plate 500 from which several 

10 individual devices 10 are produced. The top substrate 

wafer or place 500 includes the various ports 24 
required for fluid access to the channels ana chambers 
or eaon individual device. Hc-wevei, The oiLsuctLt 
wafer or plate alsc includes additional rows and 

15 columns of ports 502, which serve co form the recessed 
regions of the top substrate in each device. Cut or 
scribe lines 506 illustrate the pattern of separating 
the individual devices from the lager wafer or plate, 
w hereb y e a oh de v ice w i 1 1 he p rov i d e d w i t h these 

20 recessed regions along eaon edge of each device. 

In addition to providing substantially more 
user friendly systems, the imp roved interfaces 
described herein alsc: provide a number of additional 
advantages. In one example, tne devices incorporating 

25 tnese improved interfaces are fabricated as multi- 
device units, e.g., a single body structure 
: u c c rr o r = t 1 ng owe lis ere:-, ana s-i. cr-- ccnanne 
: i\ - 1 w o r k s c : ' :r. 1 c r o : \ u 1 d 1 c: .eye t e rus * ice r e 1 n . : : ". sc.; c ; . 
:iv: . each sen a r a c e voste* v v — . g . ~ a h:c 'he arc roe 1 

3 0 network, moludes a separate interface array ac 
described dbove . Tnese interlace arrays may be 
coupled with corresponding cent rol elements for 
simultaneous cr tandem oneratioro 1 . c t noma 1 1 v , oar. 
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channel network , and a second interface component: on 
the body structure capable of de 1 1 ve r i ng e nerg y 1 t the 
second channel network. Although the instant 
invention is generally described in terms of 
5 transmission of electrical energy to each of the 

channel networks from a controller unit, interface 
arrays for transmission of otner types of energy are 
also contemplated. For example, interface arrays for 
transmission of heat energy, light or other 
10 electromagnetic radiation, pressure, and the like, are 

optionally incorporated into the systems described 
herein . 

As noted above, the overall system described 
herein, also includes a controller unit which includes 

15 an energy source such as an electrical power supply as 

described above , although, again, light sources, heat 
sources, pressure sources and the 1 i.<e are also 
contemplated. The controller includes a first surface 
adapted for mounting the body structure of the 

20 microf iuidi r device the re cm; . Typically, this surface 

includes appropriate structural elements, e.g., 
alignment pins, holes, grooves, slits, taos, walls or 
the li.-ce, whien are complementary and correspond to 
like structures on the body cm the device, sum thai 

2 5 the body structure of one device mount ec o n tne 

surface is maintained in one of at least two fixed 
orientations, and preferably, at least four different 
orientations. The surface region of the controller 
also includes at least a tnird interface component 
30 which is operabiy coupled to the energy source, e.g., 
via electrical circuitry, optical trains, pressure 
conduits and tne Like. This third interface component 
is typically oriented on tne controller surface such 
that it is in communication with tne first interface 

3 5 component on the body structure when the device is 

mounted m one orientation, and m communication with 
the second interface component on the body structure 
of the device when the device is mounted on the 
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controller :r. the sec:nd cr:er.:a:i:::. When tne 
interface c jmponent on the controller is in 
::mnuni:ar::n with tne interface components on the 
cody structure, it is capable of transmitting the 
5 energy from the energy source to those interface 

components and their respective channel networks. 

In trie case of the use of electrical energy, 
e.g., m controlling and directing ele ct rokine t i o flow 
within each of the channel networks of the device, the 

10 interface components present on the device's body 

structure and on the controller typically incorporate 
any of tie previously described electrical interface 
structures. For example, tne interface component on 
the controller tvpica L ly includes mult i -port 

15 electrical couplers, electrode pun arrays, and the 
like, while the interface component present on the 
device is the complementary structure, e.g., the 
electrical contact pads, or port / reservoir arrays 
described above . 

2 0 In the case of the use ^ f light energy, tne 

interface array on the body structure of the device 
typically comprises an optically transparent window 
which is capable of transmitting the light energy to 
or from one or more of the channels m each separate 
25 channel network. The interface component on tne 

controller typically includes appropriate optics for 
dire ct in in- light enei-gy fro: t no light source m 

A 1 1 h ; u g r. d o s c r ; bed in t e r ms of r h £ - 

3 0 transmission of energy fro::, th- cent roller t : tne 

channel netv/orKs of the device via til- interface 
component on the controller', ~ hrough the interface 
^omro orient on tne bodv of the nevico-, tne ore sent 



WO 99/10735 



PCTUS98 17641 



36 

the controller . In this mode c f operation, tne 
controller typically includes energy detection systems 
for detecting energy, e.g., signals, originating from 
the respective channel networks. Examples of such 
5 energy or signals include optical signals, such as 

f Increscent , chemi luminescent or col o rime trie si gnals , 
thermal signals, or electrical signals, sue:: as m the 
determination of resistances or voltages within the 
channel networks, cr other potent iomeori : or 

10 ampercmet ri c signals relating to one chemical 
environment within tne channels. 

An 1 1 lust rat ion o f an embodiment of tne 
interchanging interfacing systems described herein is 
shewn i n Figure 6 . As snown , t he be- dy structure 632 

15 of tne device includes within its interior tort ion, 

four separate cnannel networks 6 C 4 a , -504c, 6 04 c and 
6 04d. Each of the four separate channel networks 
includes a first interface component in the form of a 
plurality of ports 636 in fluid communication witn 

2 0 that channel network. Each channel network also 

includes an optical detection window -5 Co disposed over 
one of the channels in each of the cnannel networks. 
The controller includes a mounting surface 611 which 
includes retaining wall- 612 for maintaining tne body 

25 structure m one of four fixed onen:ati :ns wnen it is 
inserted into the cone roller. Tne mounting sure ace 
includes a first interface component in tne form of 
optical detector 6 14, which is oriented on the 
mounting surface 613 such that it ^s disposed adjacent 

30 to the optical detection window on one of channel 
networks 6 3 4 a - d , e.g., 634a when tne device is 
inserted into the controller in tne orientation snown. 
As shown the controller also includes a cover element 
616 coupled to the mounting surface via hinge 618. 

35 The cover element 616 includes an additional interface 
component m the form of an array of electrode pins 
620, which electrode pins are electrically coupled to 
an electrical controller, e.g., as described above. 
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The e:ec:rode array is oriented cr. tne cover such :ha: 

when the cover element is closed ever :ne body 

so ruct u r e inserted into the c o n t r o 1 1 e r one e 1 e c t r o d e 

pins are inserted int. o one ports c: one of trie charmed 

networks, e.g., into channel network 604a in one 

o rientation s ho wn . 

Inserting the body structure into the 
controller m a first orientation presents the 
interface components of one channel network to the 
interface components of the controller. Rotation or 
the body structure 602 m trie nor i cental plane, e.g., 
9C degrees, then presents tne interface components or 
a second channel network -o-J4b to one interface 
component: s of the controller. This type of rotataiolv- 
structure permits one to load fluids, samples and the 
like into a number of separate device/ channel 
networks, which are then subject to successive 
analysis etc., simply icy rotating the body structure 



re mse: 



into the controller. 



11 s 



-» t- e~- "I 
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reduces the amount of time required to perform a large 
number of particular analyses or other fluidio 
manipulations on samples and tne like. 

e t 0 1" r 1 r ~' u now to ~" 1 u u r ^ ~ *~ - ^- - ~ — ^r. »^ ^ . 

advantageous to provide electrical coupling between 
tne interface system and the microfluidic channel s 
with out direct Iv contact 1 nor camrole fluids with an. 



' r rate m 1 c r o r ^ u 1 a 1 0 a e v 1 . 
use of electrodes win on 
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f la: electrode of 



corrosive fluids, the micro f luidic devices of one 
present invention may include thm, flat elect redes :r 
pads ' 7 1 whim are electrically coupled :: the fluids 
w 1 1 n i n the cnannel system, out which extend cutsiae 
5 me cnannel system so that at mast a pert i en of the 

flat electrode surface is not. m fluid continuity with 
the intersecting channels. Electrical coupling 
between the clamshell interface structure and the 
thin, flat electrode may optionally oe provided by 
10 simply having an electrode pin of the clamshell cover 

extend down so as t c be m direct contact with tne 

tne miercfiuiaic device when tne 
osed position, as snown in Figure 
lof ertuia: eiy , dire c t cent a it electrical 

1 5 ic ;c 1 1 no be t ween a c n i n , flat elect r o do in t he 

micrtfluidir device and a pm extending from the 
clamshell cover can nave significant disadvantages. 
Specifically, tne pm electrodes may be substantially 
rigid structures. If sucn a rigid pm electrode 

2 0 extends too far from the cover, the pm w ill advance 

beyond tne initial point of contact. As the distal 
tip of pm electrode 7C4 advances against a thin, film 
electrode 702, large stresses can be generated. These 
stress can cause failure if tne electrical contact due 

pm elect roue '704, :r piercing of a surf a zt 
elect ro d e f 1 1 m , bond i no a ve r , .~ r tne unde . 
microf luidic device body structure. However, it nan 
um 70 4 does net advance far enough to provide oontac* 
30 between tne cm and the flat electrode 712. the 
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electrical coupl inq 
unreliable. Hence, 



et ween these structures 



1 be 



greater re 1 i abii i 



to ere viae 



it would be be 
arrangement ^ wni ec c t rereci 
without excessively tight 
contact tmsmy mechanisms, cc 
1 ike . 

As illustrated in Fig. £- , m order to 
ore vide reliable and cornelian:, -metrical ceuoliro 
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a :.a: e.e::roae 812 v;i:r. 3 rigia pin 

electrode SO-i , a oiicrof iuia:c device bcdy 308 includes 
a fiuidieally isolated port 6 0 8 containing ar. 
elect r: lyte solution Si: 1 . When pin electrode 614 
5 extends into electrolyte 310, the electrolyte can 

provide complaint elect ri oal coupling between the 
thin, flat electrode 802 and pin without damage t: 
either. This provides s highly efficient electrical 
coupling with relatively loose tolerances, as cm 

10 electrode 3 0- need not even ne m contact with the 

thin land sometime mechanically delicate' flat 
elect rode 802 . 

sin b-J4 will often comprise a conductive 
metal, typically comprising, e.g., platinum, gold, 

15 titanium, or the like, and ideally comprising 

platinum. Pin electrode 304 will generally be rigidly 
affixed to the rot a table cover of a clam shell 
interface system as described above, out may 
alternatively be mechanically coupled to the 

20 microfluidic device support base by a wide variety of 
detacnabie, sliding, pivoting, and/or linear joints so 
as to maintain alignment between the pin electrode ana 
port 808. Pin 304 will generally nave a length in the 
range from, about to 2 mm to about 10 mm inches , ana 0 

25 diameter tram about EOma to about 2mm. other 

dimensions, outside these ranges , may also* be- useful 

.0; . a , 1 . « * *, - - O ";. ; • '" Ol. o.~ i 0 r -, 1 O 0 0 ; *.. •:' a 

f r™ : rPp r o p 10 a - ■ -d y ~ or.du a - 1 vo m V •:■ r 1 al , a v: vol; 
3 I o f t e n re disposed a 0 .1 e 3 s 0 : n 1; a 1 \ 0 a • 1 v.ee u to- 1 -a. e r s 

of a mult 1- layer mi ere f 1 uid ; 0 device body stiuct^r-i.. 
la r • a imp 1 - , ^ hi:: , f 1 0 el e tt r- des mar/ pr ' v : ie "1 : y 

decs s 1 : 0.0 o: arrrrcc r 1 at e 1 v " ;.:;at:*":o'- materia', an -v. 
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elec:rcplatmg, and the like. Trie electrode and 
electrode coupling circuitry may again ice defined with 
~ phct jgrapr.: c lilt -off technique. As was also 
described acove , port 3 06 may be formed by bonding tne 
5 upper and lower substrate layers together after 

forming an opening through the upper layer. Tne upper 
and lower layers are aligned during bonding sc. as to 
electrically expose flat electrode 802 within the 
opening of port SO 3. 

10 Thin flat electrode 3 12 may comprise any of 

the electrode ana/or circuitry materials descriced 
above. Ideality fiat electrode 502 will comprise 
structures similar to the circuitry described above 
with reference to Tigs. OA- 2. 

15 Tleccroiyte S0 0 is fiuidical.ly isolated from 

the sample r lords in the channel system by the 
structure of the microf iuidic device. Hence, there is 
little or no aanger of cross - contammat ion when pun 
electrode 804 is removed from port 300, the 

20 microf iuidic device is removed and replaced by an 

alternative device having a different fluid sample to 
be tested, and pin 3 14 is advanced mtc the coupling 
port of tnat other device. Hence, electrolyte 3 10 may 
comprise a wide variety c i alternative fluids. 

25 Electrolyte 5 10 v; ill preferably oe nc n- corrosive s: is 

to allow long term use of pin electrode 304 with 
minimal degradation. Suitable electrolyte fluids may 
include saline, conductive buffer, KC 1 , NaCl , or tne 
l ike . 

30 An exemplary microf iu idic device including 

fluidicaily isolated electrical coupling ports is 
illustrated schematically in Figure 9 A , and in more 
detail in Figure 93. Microf iuidic device 011 again 
nas a substrate body 902 defining a plural rty of 

35 intersecting micrcf Iuidic channels 310. Ports 21 are 

often disposed at unmt er se cte d termini cf tne channel 
system, and fluids within tne channel system oe 
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cranspcrred elec:rckmecically by applying v:ltaqes t : 
the fluids within cnese ports, as described above. 

To provide electrical coupling with the 
fluid in ports 24, sealed ports 803 are m electrical 
5 continuity with ports 24 , but are net in fluid 

continuity with the channel system. To provide this 
electrically continuity, thin, flat electrodes 802 
extend between isolated ports 80S and terminal ports 
3C4. Hence, the elect rode material defines an inter - 

10 port conductor 906. To efficiently elestri rally 

czuple the fluids within the ports, flat electrodes 
812 will typically nave a surface area cf net ween 
about 1 00/im and 20mm within ecieh of ports 3C5 and 
ports 24. Inter -port conductor 906 wil] typically 

15 have a width which is substantially greater than its 
thickness, the width typically allowing the conductor 
to withstand the normal current densities described 
above. As no fluid coupling is provided between 
isolated ports 808 and 24, inter-port conductors 906 

2 0 are generally the only electrical coupling provided 

between the fluids contained therein. 

All publications and patent applications are 
herein incorporated by reference to the same extent as 
if each individual publication or patent application 

2 5 was specifically and individually indicated to re 

incorporated by reference. Although the present 
;. nv e n 1 1 : : . h a s r. e •_• : . d e s -: i i be a : . . s ~ mo: i - tail ; y w a y : 
ill astro : v. ana -xartp 1 o tor vuirosec f clarify arc 
: r. de r s ~ ::' ":■ rc : * w ill r - a p p a r -* - m t : . o o e r t a i : : 

3 0 onaroges ana tcdi f i cat ions may t e ; r - * iced wi t ni n t no 

scope it t ne appe raced claims. 
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i. Aic electrically cone r c lied mi c ::o: _ jid: :: 
system, comprising : 

a microf iuidic device comprising a body 
structure having en interior portion and at least a 
first exterior surface, a plurality of intersecting 
mi c rosea I e channels disposed in the interior portion 
of the body structure, ana a plurality of ports 
disposed m tne body structure, communicating tne 
exterior surface with tne interior portion, eaon of 
::ie ports being m rtu: communication with at lease 
one o f tne pluraliry of intersecting channels; 

an electrical cott rol system come rising a 
pi ura _it y of electrical leads, eacn cf tne leads oemg 
operable- coupled to pewer source, tne electrical 
control system concomitantly delivering a voltage to- 
each of the plurality of electrical leads; 

an electrical interface array, for 
separately and removably coupling each of the 

whereupon eacn of tne leads is m electrical 
communication with a fluid disposed m eacn of the 



lectrical interface array comprises a cover having a: 



;east a 



surrace, and a cc;rau:v 



eiec t roa€ 



- -lb moun_C' u uiereoi, ^ ic e ia_;Cie pi:^ o^my 

cr rented f o r insertion into tne plurality of ports, 
eacn of tne electrode pins being electrically coupled 
tc a seoarace one of thr 



The svstem 



h a v x ng a d apt ed f o r r e c eivi ng 
wherein an edge of the cover 
by a hinge, whereby the cove: 



. wr.erein the 
~:u i ses a case 
■ : : . uidi c device , 
: cor to the case 
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6 rc:a:ac..y closed over the microf luidi :: device mounted 

7 on the nase, insert the plurality cf p:ns :nr : t :te 
S plurality ports. 

1 4 . Tne system ot clam: 1 , wherein the case 

2 mcluaes one or t.ore alignment structures for 

3 receiving tne microfluidir device m a predetermined 

4 or lent at ion . 

1 5. Tne system of claim 4, where 111 the 

2 alignment structure comprises a nesting well or: the 

3 oase sized to receive tne microf lu idi c device. 

1 1. The system of claim 2, wherein tne 

2 first surface of tne rover comprises raised regions 

3 disposed between adjacent electrode pins. 

1 7. Tne system of claim 1, wherein the 

2 mi ore f luidic device further comprises a hydrophobic 

3 layer on tne exterior portion of the micro f luidi :: 

4 device disposed around eacn cf the ports. 

1 c. The system of claim 7, wherein the 

2 hydrophobic layer is a hydrophobic coating on the 

3 extent:" surface of tne microf luidi c device. 

1 •. The cvst-u' 1 rlait. . wo^i/eir t u* 

3 surf 37 - " :* the m: ~r r f ~ : a :.. d : - cevice . 

1 ihe system cf claim wuerem tne 

2 iirst s..',ua i. j rt the rover element "cue rises - 

3 r.luru.ivy .: : recesseu ruu:s iisru. s«- : the :.:rs: 



WO 99 l(r35 



PCT 1S98/1* 7 641 



4-; 



plurality cf ele:: rode s are arranged 1 n a grr 
orientation of at least rwo rows of electrode.; 
v.'herem each rov; comprises at least two elect; 



odes . 



Toe system ct claim 2, wherein trie 



2 plurality of electrode pins are arranged in a gridded 

3 mentation of at least three rows of elect redes, 

4 wherein each row comprises at least tnree electrodes. 

1 13. The system of claim 1, wherein: 

1 the 00 ay structure is pi ana r and has a: 

1 least one edge; 

4 tne electrical interface array come rises a 

5 plurality of electrical contact pads disposer along 

6 tne at least, one edge cf tne mi crc flat die device, each 

7 Cl the electrical contact pads being electrically 

£ roup led t o a t least one o f t he p 1 ural 1 1 y of p c r t s ; and 
9 earn of tne pliraii:y of electrical leads is 

10 pos 1 1 loneo to tent a ot a separate one cf the plurality 

11 ct contact pads. 



14. Tne system of claim 13, further 
oompris ma a cover naming at least a first serf ate a: 
?, plurality cf electrical contacts mounted tnerecn , 

coupled to a separate electrical lead, and wherein 
each of the electrical contacts is oriented to coma: 



tne exterior surface 



ne rucrcnuiaio device. 



The svstem of claim 14 



wue l e . 



raving aaaptea tor receiving tne micrtr^uiaic device 
wherein an edge of the cover is attached tc tne case 
cy a hinge, whereby the cover is capable of being 
rctataoiy closed over the mierofluiaic device mouute. 
on the base, tc contact tne ciuralit v of electrical 
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4 5 

8 CDrxacts w i t n the plura.::y or ele::r:cal ccn:ac: 

r 1 pads . 

1 I . The system of claim 12, wherein: 

2 tne body structure comprises a cop layer arc 

3 a bottom layer, the channels oeing disposed between 

4 the top layer and trie bottom layer, and tne ports 

5 being disposed through tne top layer, and wherein ar 

6 least a portion of the bottom layer extends ceycnd the 

7 top layer along at least one edge; and 

c tne electrical contact pais are disposed upon a 

3 portion of 1 tne bottom layer that extends beyond the 

10 top- layer. 

1 17. Tne system of claim 16, wherein the 

2 electrical interface array comprises a coupler having 

3 an opening disposed therein, and wherein each of the 

4 elettrieal leads is disposed within the slot anc 

5 positioned to contact a different contact pad when the 

6 extended portion of the note cm layer is inserted into 

7 tne slot. 

1 IS. The system of aiaim 16, wherein: 

2 the cop layer romprises a plurality of 

3 recessed regions along at least one edge of tne body 

4 structure, exposing the extended portion of tne bottom 

5 1 aye v ; and 

6 e _ e t r : c a 1 "c/. a p * is rrv i : on tee a 

7 witmu me ^ecessec recions. 

1 ir. Tne system cT nan 1 1 £ , wherein the 

2 e 1 e -trio •< 1 interlace array :: aau a-a : 

3 ; code st rue cure n cm : * c r.itv disc cse a 
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y separate electrical cent act pad ana a separate 

.C electrical lead. 

1 21. The system of :laic 11, wherein each c: 

2 tne electrical contact pads is electrically coupled to 
1 at least one zf. the plurality cf ports by electrical 

4 circuitry ;n electrical contact with the electrical 

E contact pad at a first point and with the at least one 

•f port at a second point, and wherein the electrical 

circuitry is disposed between the top layer and the 

c bt'tt it. layer . 

1 21. The system of claim 21, wherein tne 

1 electrical circuitry has a thickness between aboct 8 C 1 

- ana about 1411 A . 

1 22. The system of claim 21, wnerem the 

2 electrical circuitry c omp rises a me t a 1 layer t ha t 

2 comprises a metal selected from the group consisting 

4 of Tungsten, Palladium, Ruthenium, Iridium, Osmium, and 

1 Rhodium. 

1 22. The system of claim 22, wherein the 

2 electrical circuitry comprises t i tan i urn/ tunas t en . 

1 24. The system of claim 22, wherein the 

2 electrical circuitry comprises an adhesion layer that 
2 z omp rises t it an i urn/ tungsten ana a conductive layer 

4 that comprises platinum. 

1 22. A microf luidi c system, comprising: 

2 a clam shell comprising: 

1 a case naving at least one edge and at least 
4 an upper surface, the upper surface being adapted for 

2 receiving a microf luidic device; ant 

6 tne cover having at least a lower surface 

and at lease one edge , tne eat-- r, f tne cover bema 
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14 

15: 

16 
17 
1-r 
19 
2 0 



::::er:a:e component ; and 

a T.i:>"c.fluid:c device mounted :n th-.- :.:rce. 
surf are :: : Che base, the micro: luidi : device 
com; r:s:::q a body s:ruc:ure having an exterior 
surface, an interior portion defining a plurality 00 
mi c rose ale channels, and a second electrical mterf; 
compone:;" disposed on tne exterior' serf ace and 
providing a plurality of separate electrical 
connections oecween the sec cue electrical m terrace 



component and 3 plurality of separate p.; 



jr. tne 



piur. 



er sec ting mi cros tale channels, the 



seeo;:u uieCtrnai ih^tr idCt COiTip client uti/iy 

c cmp i e m 0: n tar y to the first electric a 1 1 n t e r face 

component and oriented to contact the first electric 

interface componen: when the cover is closed over t: 
micro: laidic device . 



wherein tne first electrical interface array componen 
comprises a plurality of electrode pins mounted on th 
lower surface cf tne cover, and the second electrical 
inter : : ac-_ array component comprises ; plural:* - v cf 
c o r *~ s d " s r o s e d i : the exterior surra ~ ~ t 0 *~ h e 
miorofluidic device and in fluid communication with 



titip i" 1 



arrav 
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2 L : . The micrcf luid:: sys:e:r. of :1a: m 2 5 
wherein :ne upper surface of rue base includes cue 
mere al ignme::t s: rue cures fcr maintaining cne 
micrcf iuidi: device mounted thereon m at least a 
firs: predetermined orientation . 

2c. The mi crc f i nidi :: system of :1a: m 2£, 
wherein the alignment structure comprises a nest in: 
well in cne upper surface of the case, sized for 
receivmu cne micrcf iuidi c device mounted thereon. 



o 

10 
11 



14 
1 b 
16 



5.. A micro: in iai c system comprising: 
a case unit having a mounting surface 
adapted tor receiving a mi :ro fined: c device, and a 

electrical interface array component providing a 
plurality of electrical contacts, each of the 
electrical contacts being separately coupled to a 
different electrical lead from an electrical 
controller; 

a micrcf luidic device mounted on the 
mounting surface, the microf luidi r device coir.prism: 
body structure navmg an exterior surface, an inter: 

ana a sec:::: electrical interface component, dispose: 
on the enter:::" surface and providing a plurality c: 
separate electrical connections between the second 



jl c- ^etdiULe p c i n l. s in u ne piuian-cy _ : ^ u : e r a e c l. i 1 1 g 

19 microscaie channels, the second electrical interface 

20 component being comp 1 ement ary to the first electric: 

21 elect::::^ interface component wh- 



devi c . 



• —i r on 



no tne mount: no sur:ac( 



a mi crcr xuiai : aevic 
icture having at least firs 



-stem comprising : 
cc men sing a tody 
and second secarat 
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II 

12 

13 
14 
15 

1 £ 
1 

lc 
IS' 

2 0 
p i 



cria:me_ r.e: v/ci>:s aispcsea t ;;erem , ea::; :r:ar;ne; 
network comprising a pliral::y ;f intersecting 
microscale channels, a first interface- cerr.pc-ne:it :n 
tne body structure capable cf delivering energy trr 
firs: channel network, and a second interface 
c exponent on the body structure capable of delivering 
energy to tne second channel network; and 

a controller, comprising an energy source 
and a first surface adapted for mounting the body 
structure thereon m at least first 



■ r-i o .o r* r 



secon: 



lxect 



orientations, and including at least a third interface 
component ope r ably coupled to the energy s coerce, the 
crura interlace ooir/jonen- being oapalle of 
transmitting energy from the energy source to one 
first, interface- component when tne becy structure is 
mounted on the mounting surface in the first 
orientation, and from the energy source to the second 
interface c c mp o n e n t; v; h e n t h e b o d y s o r u c tore i s m c u n ted 
on the mount i no surface in the second orientation. 



32. The mierof luidic system of claim 31, 
wherein toe first surface is adapted for mounting the 
body structure thereon in at least four fixed 
orient at ions . 

2 3. A micrcf luidic s v stem :o me rismo : 
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1 - tody structure trereor in a: least: first and second 

IE fixed orient at ions , and including at lease a third 

1>- interface component operably coupled tc the energy 

1" detector, the third interface component being capable 

I, 1 of transmitting energy from tne firs: interface 

I'l- component to tne detector when tne tody structure is 



!.: mcunted on the mounting surface in tne first 

1 orientation, and from the second interface component 

1 to tne detector when the body structure is mounted on 

I-. one mounting surface in the second c r lent at ion . 

: 34. Tne mrcrofiuidio system of claim 33, 

1 wherein tne first surface is adapted for mounting the 

I- tcdy structure thereon m at least four fixed 

4 o r ient a o ions . 

Z 35. An electrically controlled microfluidic 

s\'s t e m c o mp rising: 

3 a microfluidic devioe having an exterior 

4 portion and an interior portion defining a plurality 
r. or ports disposed at un intersected termini cf a 

r plurality of microscaie channels, each port being 

electrically coupled to a different one of a plurality 

c o o electrical contacts on the exterior portion of tne 

? microfiuidic device; 



a power source comprising a plurality cf 
11 electrical leads, tne power source being capable of 

It delivering e different voltage to each of the leads; 

13 an electrical interface component , for 

14 re vers inly electrically coupling each cf the leads to 

15 at least one cf the plurality of electrical contacts. 



1 36. The microfluidic system cf claim 3E, 

1: wherein each port is electrically coupled to a 

3 different cne of tne electrical contacts via an 

4 electrical conduit disposed within the interior 

5 portion cf the microfluidic device, tne electrical 

6 conduit comprising: 



BNSDOCJP -WC 



WO 99/10 \3> 



PC T I S98 1"641 



a ::;:cr^ess less than 1ECC A; 
3 a:., lease a first metal :ompone:;: select.ee 

9? from the group of tungsten, palladium, ru t. hen i um , 

10 iridium, osmium and rhodium ; and 

11 wherein the electrode does not substantially 

12 degrade at a metal /fluid interface under applied 

13 current densities greater than It uA/ct.^ . 

1 3". The mi cred luidi s system of claim 36, 

2 wherein the electrical conduit does no: substantially 

3 degrade at a metal /fluid inter rare, under applied 

4 torrents of greater than 1.1 mA/ smr . 

1 3c. The micro: luidi c system of claim 36, 

2 wherein the electrical conduit does not substantially 

3 degrade at the metal/fluid interface under applied 

4 currents of greater than 1 mA/cmh 

1 31. The mrcrof luidi c system of claim 36, 

2 wherein tne electrical conduit does not substantially 

3 degrade at temperatures between about 5C0°3 and about 

4 1400°C. 

1 41. The micrcf luicic system cf claim 36, 

2 wherein tne first metal compinent is t it am urn/ cunqs t en 

3 allot. 



a*.' 



r 1 t "i nu our : 

met ai ot;; ir:e::' 



7 \ ^ ' r ^ r 



4. 



m. i 
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3 surraces ct two solid planar substrates chat are 

4 bonded together. 

1 4 4. An electrode for app I y i ng a c urre n t t o 

2 a fluid, the electrode comprising: 

2 a thiokness less than 150 0 A; 

4 at least a first metal component selectee 

5 from the group of tungsten, pal ladium , ruthenium, 
C iridium, osmium and rhodium; and 

wherein one electrode does not substantial!;. 

0 degrade at ~ metal / fluid interface under applied 

1 current dene i ties greater than 11 ^A/ ctn 

1 41. The electrode of claim 44, wherein the 

: electrode does net substantial!.-/ degrade at applied 

1- current densities of greater than 0.1 mA/cmo . 

1 40. The electrode of claim 44, wherein tne 

1 electrode does net substantially degrade at applied 

? current densities of greater than mA/ cmo . 

1 47. Tne elect ro-de of claim 44, where::: tne 

1 electrode dees net substantially degrade at applied 

7 current densities of greater tnan 1 7 : mA/ cmo . 

1 4: . Tne electrode of claim. 44, wherein the 

2 electrode dees not substantially degrade at 

1 temperatures between about 500°C and about 1400 C C. 

1 49. The electrode of claim 44, wherein the 

1 first metal component is 1 1 1 an ium /' t ungs ten . 

1 51. Tne electrode : ua::: 44, furtner 

?. comprising a plat i nam conducive 1 vm- r over laying tne 

0 first metal component. 

1 51. The electrode . r .u.a;m 5 1, wherein the 

2 first metal eomoonent is bet w-~u .uncut 11 and about 
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3 5 CCA arid the :onau:: ive layer i s :e:weer. abeur 

4 4C'C and about I2CC A thick. 

1 52. The electrode of c 1 a i m 44, where::: the 

2 electrode is disposed between opposing planar surface: 
1 of two solid planar substrates that are bonded 

4 cogetner. 

1 52. The electrode cf clam: 52, wherein the 

1 opposing surfaces of the two solid planar substrates 

3 define a rr.i c r o scale c hanne 1 n e t wo r k , t he e leer, rode 

4 oeing m electrical contact with the channel network. 

1 54. An l n t e r f a ce f c r us e w 1 1 h a 

1 Tii ore f iui die devi :e , tne micro f luidio device naving a 

3 plurality of intersecting microscaie channels and a 

4 plurality of ports for receiving fluid, the interface 
u oompr i s mg : 

6 a base for receiving the mierofluidic 

7 device ; 

8 a structure movable relative to the case 

9 re owe en a first position and a second position; 

10 a plurality of electrical interface element: 

11 affixed oo the structure, tne electrical interface 

12 elements aligned so that each electrical interface 

13 element is elect ricailv c cud led to an associated tor r 
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' ^icrcfluid:: device is received by cue case ana "he 
siru::ure is disposed in cue firs c position. 

.1 . The interface of claim 5«£, wherein one 

1- structure is mechanically coupled to one case and the 

1 base fittingly receives the microfiuidie device so as 

^; to maintain alignment between the electrodes and tne 

° ports when one structure moves oetween tne first 

6 position and the second position, the electrodes being 
outside of one ports when one miercf luidic device is 

b received by tne case and one structure is disposed m 

{ ? one second pes 10 ion. 

1 E3. The moerfaoe of claim 5 7, wherein the 

7. structure is re cat ably coupled tc one base , the 

1* structure comprising a cover, the cover and case 

re c e i v i ng o h e microf iuid i o d e v ice there b e t wee n . 

1 5 z j . An instrument comprising: 

2 an electrical power supply operably coupled 

7 to one interface of claim 54. 

i c 0 . A microf luidic device comprising: 

1 a body stricture ravirg an interior portion 

'.: defining a plurality of intersecting micro-scale 

4 channels and a pore for receiving fluid, wherein the 

5- interior portion blocks fluid communication between 

C the channels and the port; and 

cu: electrical i no erf ace component 
£ electrically coupling the fluid in the port to one 

channels, or to a port in fluid communication with the 
channels . 

61. The device of claim 62, wherein the 
electrical interface component extends from the pert 
to an unmt ersected terminus of a microscale channel. 



Q 
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' ompr i s i ng a port disposed 



claim 1 , rurtner 
the umri :erseccec 



S 

Q 



unor i s ir.a a 



The device of claim 61, further 
plurality if electrical interface 
components, each of the electrical interface 
components extending from an associated port :o an 
associated unmt ersect ed terminus so as to 
electrically couple the associated pert t : the 
associated unmtersect ed terminus, wherein the 
interior portion of the body structure blocks fluid 
communication between tne coins ana the channels. 



5, 
€ 



■z 1 . Tne device of claim 50, wherein the 
body structure comprises a top layer and a bottom 
layer, the port extending through the top layer, the 
electrical interface component comprising an 
electrical conductor disposed between the top layer 
and the bottom; layer. 



62. The device ot claim 64, wherein the 
'inductor extends alonq tne not torn laver into the 00: 



for electrical 



.no wi* 



t he 



ui d in tne oort , 



the conductor having a width and a thickness anc 



wmcn is less tnan the 



udth 



the cor- anc 



C _i . 



cea to 



:annt 



cnai 
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the fluid in the conductors coupled to one channels 
:nlv via tne conductors. 



1. 66. A icicrof iuidic device comprising: 

1' a body structure including an uppei layer 

:.* and a bottom layer, tne body structure having an 

4 interior portion defining first and second 

b intersecting mi c rosea I e channels , tne first channel 

r" having an un intersected terminus, the upper later 

having first and second ports t neret hrough , the first 

0 port disposed a: one terminus of tne first channel, 
::• tne interior portion biocumg fluid communication 

10 between the first port and the second port; and 

1" an electrically conductive film disposed 

i: between the first and second layers, the film 

11- electrically coupling a first fluid in the first pore 

14 with 3 second fluid in the second port, one first 

It fluid being different than the second fluid. 

1 69. The device of claim 63, further 
comprising an electrode movable between a first 

I- position and a second position, the electrode m the 

4 first position re mg clear of the body structure, the 

- elect ro ue in tne se cocoa pos it ion extend ing downward 

£ into tne second port so tnat the secona poro 

electrically couples tne electrode to tne conductive 

c film. 



73. 'cue d^v^ce of claim 69, wherein the 
second per: defines an axis, wherein the conductive 
film extends along a plane at an angle to the port 
axis, wherein tne electrode moves axially between tne 
first position and the sezor.d position, and wherein 
the electrode m the second position is separated from 
the film so as to avoid damaging tne film when the 
electrode moves . 
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n l. The use : 1 an interface :c connect a 
micrcfluidio device :: an electrical controller, the 
interface having a structure that includes a plurality 
of fixed elect r cdes disposed thereon, the electrodes 
being ope r ably coupled to the electrical controller, 
the plurality of fixed electrodes being positioned on 
the structure to ce inserted into a plurality of pcrts 
on the micro f luidic device when the structure is moved 
from a first position to a second position. 

72. The use of claim 71, wherein the pcrts 
have a fluid distosei therein. 



7 3. The use of claim 71, wh erein the 
15 structure is rctably mounted on a base, the base being 

configured to receive the microf luidic device, and the 
structure rotating form the first position to the 
second pos 1 1 1 on . 

20 74. The use of claim 71, wherein the 

electrodes comprise a plurality of conductive pins 
disposed on the structure. 
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